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Detection of 8-OHdG as a diagnostic biomarker
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Abstract: Accumulation of 8-OHdG damage in DNA may result in various pathologies, including
neurodegeneration and cancer. The significantly altered level of base damage analyzed by 8-OHdG is a
potentially early diagnostic biomarker for such pathologies. However, accurate and reproducible quantitation
of 8-OHdG damage requires immense effort and is a particularly challenging issue in different types of cells.
The validation of newly developed diagnostic biomarkers such as 8-OHdG comprises the search for the
most appropriate assay technology. Quantitation of 8-OHdG has been performed by several methodologies
based on analytical (HPLC, LCMS/MS) or immunological assays (ELISA, IF, AKLIDES) recently. Thus,
each method has their unique advantages and disadvantages, which are discussed in this review in detail
with regard to various related pathologies. Furthermore, this paper also focuses on the reliable use of this

biological alteration as a diagnostic biomarker for DNA damage quantitation in human disorders.
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It is widely documented that the accumulation of reactive
oxygen species (ROS) can result in structural cellular and/
or genetic changes modulating essential triggers of tumor
formation, especially at the initial steps of carcinogenesis.
In nuclear and mitochondrial DNA, 8-hydroxy-2’-
deoxyguanosine (8-OHdG) or 8-oxo0-7,8-dihydro-2’-
deoxyguanosine (8-oxodG) are the most commonly
observed single nucleotide-base lesions that might induce
mutations in replicating DNA. Also, it is well accepted that
these free radical-induced oxidative lesions are potential
biomarkers of oxidative DNA damage (1,2), though
continuously repaired by base excision repair (BER) in cells.

In mammalian cells, 8-OHdG is repaired by a dedicated
enzyme, 8-oxoguanine DNA glycosylase-1 (OGG1), which
is one of the major players of BER. When the oxidized base
8-OHdG is not removed by OGGI1 via glycosylation from
the DNA backbone, the accumulation of damaged bases
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may lead to transversion mutations of G to T resulting in
alterations of the genomic context. Eventually, this may
trigger or exacerbate diverse pathological conditions (3,4).

Evaluation of 8-OHdG damage as a diagnostic
biomarker

The generation and the accumulation of ROS might lead
to oxidative damage in the DNA which in turn could
bring about DNA/protein-related pathologies. Thus, the
biological significance of alterations in 8-OHdG levels
has been studied in a wide range of diseases. A stimulatory
role of oxidative damage in inflammation has been shown
for inflammatory bowel disease (5) and type 2 diabetes (6).
Also, elevated levels of 8-OHdG have been reported to be
correlated with clinical outcomes of stroke and have a close
relationship with atherosclerotic plaque types and vascular
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recurrence in non-cardio embolic stroke patients (7-9).

In addition, when serum 8-OHdG values in healthy
controls and patients suffering from nonalcoholic fatty liver
(NAFL) and nonalcoholic steatohepatitis (NASH) were
compared, the serum 8-OHdG was identified as a diagnostic
marker for NASH (10). An increased serum level of 8-oxoG
with a concomitantly decreased OGG1 protein expression
was shown in Alzheimer’s disease patients (11). Thus,
8-0x0G was suggested as a blood biomarker for Alzheimer’s
disease that can assist in the stratification of these patients
regarding treatment options (11).

Furthermore, oxidative damage seems to play an
active role in aging and the use of antioxidants might
be a straightforward anti-aging strategy option (12-14).
Thus, not surprisingly, 8-OHdG has been investigated as
a potential marker of age-related damage accumulation
in several studies (12,13,15). Moreover, increased 8-oxoG
levels have been reported in animal studies using tissue
and urine samples (12,13). This adds further evidence
to the assumption that oxidative base damage could be a
characteristic feature of aging. In order to elucidate the
age-dependent alterations in humans, 8-OHdG damage
levels have been investigated in different age groups
and an age-dependent increase in oxidized guanine in
both DNA and RNA by comparing 21- to 30-year-old
individuals to 81- to 90-year-old ones regarding both
genders have been shown (15). These data suggested 8-oxo-
7,8-dihydro-2’-deoxyguanosine (8-oxodGsn) and 8-oxo-
7,8-dihydroguanosine (8-oxoGsn) as promising aging
biomarkers that could be utilized for determining age-
related pathologies (15).

Of note, increased 8-OHAG levels are closely related to
the accumulation of mutations triggering carcinogenesis.
In a meta-analysis, an enzyme-linked immunosorbent assay
(ELISA)-based method was used to measure the 8-OHdG
concentration in leukocyte DNA of 314 patients with
serous ovarian cancer (SOC) and 774 normal controls (16).
Interestingly, a high 8-OHdG concentration in leukocyte
DNA was associated with advanced age and poor prognosis
of SOC patients in comparison to controls (16). In addition,
increased 8-OHdG levels were found as a triggering factor
for inflammation-related carcinogenesis (17).

In another report, 8-oxodG was studied as an indicator
of oxidative DNA damage in patients with coronary
artery disease (CAD) before and after coronary artery
bypass grafting (CABG). Urinary 8-oxodG levels were
detected by a liquid chromatography-coupled tandem mass
spectrometer (LC-MS/MS) method and results indicated
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higher 8-0xodG levels in CAD patients than in controls.
The ascertained short-term oxidative DNA damage was
induced by the CABG procedure in the CAD patients
whereas complete recovery occurred six months later after
the surgical operation (18). Furthermore, to investigate the
association between 8-OHdG levels and heart failure, a
comprehensive meta-analysis elicited that 8-OHdG levels
are higher in patients with heart failure than in controls (19).
The use of 8-OHdG has also been found beneficial
for the assessment of exercise-induced oxidative damage
in several studies (20-23). Although most of the studies
have not concluded a solid link between exercise and
oxidative damage, there is a tendency of increased 8-OHdG
levels during extensive exercise. Consistently, the level of
urinary 8-OHdG was higher in physically active subjects
undergoing extensive exercise, when oxidative response
markers were compared in active middle-aged subjects
with those in sedentary individuals (24). However, regular
exercise has even health benefits partly because it reportedly
lowers the levels of oxidation products of proteins and
DNA at rest and also most likely due to the increased stress
tolerance via activated DNA damage mechanisms (25). To
gain a detailed insight into the physiological mechanisms
involved under extreme conditions, a group of experienced
ultra-marathon runners was monitored (26). According to this
study, exhaustive and prolonged exercise not only promotes the
generation of ROS but also induces oxidative stress, temporary
renal weakening as well as inflammation (26). Vigorous
exercise amounting to approximately 10 h a day for 30 days
increased the rate of oxidative DNA modifications by 33%
in 20 men owing to the urinary excretion of 8-OHdG (27).
In contrast, there are several studies based on the analysis
of urinary excretion of 8-OHdAG claiming that no significant
accumulation of oxidative DNA damage is caused by
various exercise types such as repeated bouts of cycling (20),
long-distance running (28) and swimming (29). In another
comprehensive study correlating gender and lifestyle factors
such as diet and exercise, the authors observed no significant
differences between groups of trained and untrained men
and women when protein/lipid/DNA oxidative stress
markers including 8-OHdG were analyzed (30).
Furthermore, in a third group of studies with repeated
exercise in long distance runners, oxidative DNA damage
was found intensely increased when urine samples were
evaluated for 8-OHdG levels (31-33). The data revealed
that oxidative damage to DNA is not accumulated in the
long term possibly because of an adaptation in damage
repair capacity, leading to normalization of DNA damage. A
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similar conclusion was made by another study investigating
urinary 8-OHdG levels of eight professional cyclists after
long-term exercises. The results demonstrated that cycling
induced oxidative DNA damage, which was sustained
as long as the exercise was repeated with subsequent
adaptation of antioxidant defense, leading the normalization
in 8-OHdG excretion (34).

Methods of 8-OHdG detection

Quantitation of 8-OHdG can be carried out with a wide
range of methodologies currently. Several of them use
different antibody labeling techniques to allow the detection
of 8-OHdG such as ELISA, immunohistochemistry (IHC)
technique or immunofluorescence (IF) imaging. However,
some of these methods require DNA isolation for 8-OHdG
analysis at first. The commonly used LC-MS/MS is one
of them and exhibits significant advantages by producing
highly precise and sensitive data at femtomolar levels of
genomic DNA from various sample materials including
tissue, plasma and urine (12,13,35,36). Altogether, a pool
of extracted DNA from various sources can be used for the
absolute quantitation of 8-OHdG by several techniques.
For comparative analysis, the ratio of 8-OHdG/dG needs
to be determined. Last but not least, this requires a standard
curve covering the measurement ranges of both modified
and dG bases which represents a major disadvantage of this
approach. Thus, respective ratios of 1/10 were reported
in control genomic DNA. Therefore, the analysis of the
8-OHdG/dG ratio and their absolute quantities by LC-
MS/MS necessitates a dynamic range of linearity of the
corresponding standard curve of more than 6 logs. Another
common disadvantage of the LC-MS/MS analysis relates
to the quantitative determination of total cellular oxidative
damage due to the use of pooled DNA. This is a technical
limitation and derives from the method itself.

Of note, high-performance liquid chromatography
(HPLC) is another commonly preferred alternative method
for the precise quantitation of 8-OHdG in various sample
types (20,37) with similar advantages and disadvantages like
LC-MS/MS.

A readily available assay technique used in many studies
for the quantitation of 8-OHdG damage is the ELISA
(11,36,38). Likewise in MS/MS analysis, the method
requires DNA isolation at the beginning, digestion thereof
and hybridization subsequently. Although, there are several
commercial kits available, the major limitation of this
method lies in its accuracy and precision; a specific antibody

© Journal of Laboratory and Precision Medicine. All rights reserved.

Page 3 of 8

is also required to perform the assay appropriately.

Other assay techniques such as IHC (5,17),
immunocytochemistry (ICC) (39) and IF (40-43) have been
used to develop cell/tissue-specific assays too. However,
these assays are commonly characterized by imprecise and
semi-quantitative data acquisition demanding complex
signal density analysis with extensive operator time.
Thus, they have been employed mostly in conceptual
studies. The read-out is usually given as an average signal
intensity. Furthermore, these methods have to contend
with background noise, since cytoplasmic RNA staining
interferes with the DNA-specific quantitation of 8-OHdG.

Automated IF-image analysis employing sophisticated
pattern recognition may be a remedy for these challenges.
Recently, the IF automated interpretation system Aklides
system was used for quantitation of 8-OHdG by analyzing
fluorescent 8-OHAG foci within the nuclei of cells with
oxidative damage (44). This interpretation system enables the
pattern recognition of fluorescent foci and, thus, permits the
quantitation of their fluorescent signals with regard to their
shape and size. Of note, the Aklides system was optimized
for quantitative analysis of DNA double strand break
v-H2AX(S139) foci analysis originally (45,46). Recent studies
have demonstrated the efficiency of this automated system for
DNA damage providing the opportunity to run studies with
large samples numbers (47-50). It can be utilized for clinical
purposes to ascertain drug resistance and radiotherapy
sensitivity in patients (51-53). The method allows to measure
DNA damage levels at a single focus level.

Our group could demonstrate consistently that oxidative
damage can be ascertained by foci formation in nuclei of
damaged cells (44). This has been rendered possible by a
modified IF-labeling procedure allowing to analyze foci
occurrence in single nuclei as well as the size of these
foci. Since the y-H2AX(S139) foci formations appears
to be similar to the one of 8-OHdG foci, automated IF
interpretation could be used readily for the comprehensive
analysis of 8-OHdG foci (Figure 1). Thus, 8-OHdG
occurrence with subsequent damage quantitation has been
performed to compare results obtained by the Aklides
interpretation system with LC-MS/MS data (44).

Altogether, in order to choose the most appropriate
method for 8-OHdG quantitation, the advantages and
disadvantages of each method must be comprehensively
evaluated. Although the total amount of 8-OHdG in
various samples such as urine, plasma, and tissue can be
measured accurately, two significant limitations should
be considered. Firstly, the basal amount of the damaged
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Figure 1 Consecutive steps of cell-based, automated 8-OHdG foci analysis by the fluorescence interpretation system Aklides: (A)

determination of the optimal confocal plane for image capturing; (B) definition of individual cells and corresponding nuclei in the DAPIT

channel; (C) background subtraction and analysis of cells with foci, exclusion of artifacts; (D) foci counting per nucleus and parametric

analysis of their size and density.

8-OHdG is usually quite small to be assessed accurately
with analytical methods, as the values of the damaged bases
can be very close to the detection limits of the methods
used. Secondly, damage measured across the entire genomic
DNA can lead to misleading results, as most of the damage
detected comes from non-coding regions of the genome.
As a fact, most DNA is not encoding and the induction
and rates of DNA repair in coding and non-coding regions
could be very different (4). As an alternative method for
measuring the total damage, ELISA has the disadvantage
that the detection limit cannot reach the individual value
of LC-MS/MS. Since the DNA isolation step carried out
in analytical methods such as ELISA can misinterpret the
total damage level due to the induction of additional DNA
oxidation during purification, IF-based methods without
DNA isolation should be considered. Another advantage
is the shorter sample preparation time. A study comparing
urine levels of 8-OHAG in healthy individuals with LC-MS/
MS, HPLC-EC and ELISA found a significant discrepancy
between chromatography and immunoassay approaches,
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demonstrating the importance of proper method selection
with appropriate detection limits (54).

In addition, the most favorable body sample should be
selected for biologically relevant results, as blood levels
may not directly represent the level of damage in the cells
or tissues exposed to DNA-damaging contaminants (4).
A recent study comparing plasma and urine as sample
materials demonstrated that plasma measurements were
more sensitive to training-induced 8-OHdG changes than
urine measurements regarding the reliable measurement of
8-OHdG damage (38).

In contrast, IF methods have certain benefits such as
being performed with low amounts/numbers of samples/
cells in comparison to the analytical methods, in which
more cells or material is required to isolate relatively
higher amounts of DNA for reliable quantitation of the
damaged base. Since analysis of DNA damage in a single
cell is necessary to investigate genomic heterogeneity
and related specific damage formation and corresponding
repair responses in carcinogenesis studies, IF-based
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Table 1 Characteristics of methods enabling analysis of oxidative damage by qualitative and quantitative 8-OHdG as well as 8-oxodG assessment
Method for 8-OHdG Advantages Disadvantages LOD/LOQ Matrix References

detection

LC-MS/MS

UHPLC

IHC/ICC/IF

ELISA

AKLIDES

Highly precise and sensitive
assessment at femtomolar
levels of genomic DNA

Quantitative data acquisition

Shorter sample preparation
time Low sample amount for
detection in comparison to
analytical methods

Availability of commercial kits

Cell-based data to study
genomic heterogeneity.

Requirement of DNA isolation
leading to additional DNA oxidation
during purification. Quantification of
8-OHdG/dG levels needs a standard
curve covering both measurement
ranges with a dynamic range

of linearity of more than 6 logs.
Quantitation of total cellular oxidative
damage (no single cell-based data)

Similar to LC-MS/MS

Semi-quantitative data acquisition.
Interference of the DNA-specific
quantitation of 8-OHdG by staining of
cytoplasmic RNA

Requirement of DNA isolation leading
to additional DNA oxidation during
purification. Limited precision due to
antibody dependency

Protocol optimization and adjustment
of system parameters is required for

Despite non-linearity
at low concentrations,
a LOD of 0.3 nM and
a LOoQ of 1.0 nM are
reported

Tissue, plasma
and urine

Despite non-linearity Tissue, plasma

at low concentrations, and urine

a LOD of 0.3 nM and

a LOoQ of 1.0 nM are

reported

N/A* Cell culture,
tissue

2 pg of 8-OHdG base of Cell culture,

isolated DNA tissue, plasma
and urine

An 8-OHdG focus Cell culture,

represents a single PBMC/plasma

(12,13,35,36)

(20,37)

IHC (5,17); ICC
(39); IF (40-43)

(11,36,38)

44

Quantitation of DNA damage
without interference of
damaged RNA. Shorter sample
preparation time in comparison
to analytical methods. Low
sample amount for detection

in comparison to analytical
methods

different cell types

damaged base in 5 pg
of genomic DNA

*, not applicable to these assays. ELISA, enzyme-linked immunosorbent assay; ICC, immunocytochemistry; IF, indirect immunofluorescence; IHC,
immunohistochemistry; LC-MS/MS, liquid chromatography-mass spectrometry/mass spectrometry; LOD, limit of detection; LOQ, limit of quantification;
PBMC, peripheral blood mononuclear cell; UHPLC, ultra-high performance liquid chromatography.

techniques present advantages in quantitation of potentially
heterogeneous damage levels among cells from both
blood and tissue. The automated interpretation by such
automated IF systems like the Aklides can provide the cell-
based quantitative analysis of 8-OHdG in any cell type after
cell-specific optimization of computational parameters for
pattern recognition.

Conclusions

It is generally accepted that 8-OHdG or 8-oxodG
are potential biomarkers for measuring the effect of
endogenous oxidative damage to DNA as an important
factor of initiation and promotion of carcinogenesis.
These biomarkers have been used to assess DNA damage

© Journal of Laboratory and Precision Medicine. All rights reserved.

in humans after exposure to various causes of cancer such
as oxidant chemicals, heavy metals, smoke and polycyclic
aromatic hydrocarbons. In addition, 8-OHdG has been
used in many studies in recent years not only as a biomarker
for the measurement of endogenous oxidative DNA damage
but also to ascertain the risk for diseases development and
intensified aging. Overall, the studies showed that urinary
8-OHdG is a good biomarker for risk assessment of various
cancers and degenerative diseases. Although some of the
most widely used methods enable quantitative analysis such
as HPLC with electrochemical detection and/or tandem
mass spectrometry, these techniques are characterized by
various advantages and disadvantages (Table 1). In order
to overcome the methodological problems of 8-OHdG
analysis, the European Standards Committee (ESC) for
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Oxidative DNA Damage summarized the artefactual
oxidation problems faced during isolation and purification
of oxidative DNA products in 1997. Automated IF-
interpretation systems provide fast and reliable 8-OHdG
analysis which may complement the ESC standards for
comprehensive 8-OHdG foci testing. They offer a cell-
based quantitation of individual oxidative damage that can
be applied to several sample materials and thus might offer
new opportunities in precision medicine.
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